1
Introduction 25
It is widely accepted that nutrition can influence exercise performance (Rodriguez et al., 26 2009 ) and that it should be integrated into an athlete's programme to fully capitalize on their 27 athletic potential (Broad, 2014) . Likewise, the use of some nutritional supplements (NS), 28 which are defined by the Dietary Supplement Health and Education Act of 1994 as 'any 29 product intended to supplement the diet', may have the ability to improve sporting 30 performance (Maughan et al., 2004) . It is therefore unsurprising that the consumption of NS 31 is common among able-bodied (AB) athletes (Braun et that vitamins (43.5%), minerals/electrolytes (16.1%) and proteins/amino acids (10.5%) were 39 most commonly consumed (Tsitsimpikou et al., 2009 ). This study however failed to report 40 the athletes' reasons for NS use or the sources of information they consulted. 41
The nutritional requirements for AB athletes are almost certainly not directly transferable to 42 athletes with a physical impairment (Broad, 2014) . For example, athletes who use a 43 wheelchair utilise a smaller working muscle mass during movement, which will lead to lower 44 energy requirements than those of AB athletes (Glaser, 1985) . Furthermore, within this 45 category there are likely to be a wide range of requirements based on whether the individual 46 has a spinal cord injury (SCI) and the level and completeness of the lesion, or whether the 47 athlete uses a wheelchair because of a different impairment (Goosey-Tolfrey et al., 2014). In 48 cases where a wheelchair is used for mobility, there may be considerable muscle atrophy in 49 the lower limbs, leading to a lower resting metabolic rate, and in turn, a further reduction in 50 daily energy expenditure (Goosey-Tolfrey & Sutton, 2012; Goosey-Tolfrey et al., 2014). To 51 prevent unwanted weight gain, energy intake must be correspondingly reduced. This lower 52 4 total food intake could encourage a reliance on vitamin and mineral supplementation to meet 53 micronutrient needs. In addition, there are practical issues to consider associated with food 54 preparation. For example, individuals with an upper-limb amputation (or visual impairment 55 (VI)) may have difficulties accessing, purchasing or preparing food (Meyer & Edwards, 2014) , 56 and some individuals with cerebral palsy (CP) may use NS to overcome feeding difficulties 57 (Crosland & Boyd, 2014) . Athletes' reasons for NS use may therefore reflect a nutritional 58 requirement and hence NS may be viewed as 'essential' rather than 'optional' in some 59 circumstances. For this reason, health-related and performance-enhancing NS can be 60 categorized separately. 61
The number of NS available on the market continues to increase despite insufficient impairment. This raises concern given the potential for, or more acute sensitivity to, side-67 effects in some sportspeople with a physical impairment (Van de Vliet et al., 2011). The 68 potential risks associated with NS use in AB athletes have been well-researched (Molinero & 69 Márquez, 2009) and are acknowledged by the authors; however, this will not be the central 70 theme of this study. 71
The use of NS is often a personal choice made by the athlete in conjunction with their 72 dietitian/nutritionist, ideally following a full cost-benefit analysis. Previous AB research shows 73 that athletes are often more likely to report the use of family members, self, coaches and 74 fellow athletes than more informed sources such as registered dietitians/nutritionists (Dolan 75 et al., 2011; Froiland et al., 2004; Krumbach et al., 1999) . The sources of information used 76 by athletes with an impairment are currently unknown despite the importance of impairment-77 specific advice. Therefore, the objectives of this study were to determine the: (i) prevalence 78 of NS use by athletes with an impairment; (ii) reasons for use/ non-use; (iii) sources of 79 information regarding NS; and (iv) whether age, gender, impairment, performance level and 80 sport category influence NS use. Athletes with a VI were aided by one of the authors to complete the questionnaire where 106 necessary. Since the questionnaire was developed without consideration of athletes with an 107 intellectual impairment, only athletes with a physical or visual impairment, over 18 years of 108 age, who regularly took part in disability or Paralympic sport were included. Sighted guides 109 were excluded. 110
In order to maintain the accuracy of participant responses, a 6-month recall period was set. 111
For the purpose of this questionnaire the term 'nutritional supplement' was defined as 'any 112 product intended to supplement the diet, provide nutrients and/or improve performance.' 113
Examples of health-related and performance-enhancing NS were provided, and reported NS 114 were categorised prior to analysis (Table 1) . Categories were based on the macro-and 115 micro-nutrient components i.e., 'carbohydrate supplements' contained predominantly 116 carbohydrate for the purpose of providing energy, 'protein' contained predominantly protein 117 for the purpose of power, strength, muscle building etc.; whereas 'recovery' contained both 118 carbohydrate and protein for the purpose of recovery. 119 120
Statistical analysis 121
The Statistical Package for the Social Sciences version 20 software (SPSS Inc., Chicago, IL) 122 was used to analyse the data. All descriptive data are presented as frequencies (%, n). Data 123 were evaluated by age, gender, impairment, performance level and sport category 124 (intermittent, speed and power, endurance, skill-based) (Table 2)) using chi-square (χ 2 ) 125 analyses. Where appropriate, data were subsequently interpreted using odds ratios. 126
Significance was determined at p<0.05. 127
128
Results 129
Participant characteristics 130
A total of 399 athletes (74% male, 26% female) across 5 impairment categories (42% SCI, 131 19% amputation, 18% Les Autres, 11% CP and 10% VI), 28 sports and 21 Nationalities (44% 132
British, 17% American and Canadian, 13% Swiss, 11% other, 8% German, 6% Brazilian) 7 completed the questionnaire. Athletes were aged 18-24 (24%), 25-30 (24%), 31-35 (18%), 134 36-40 (12%), 41-45 (9%) and 46+ (13%) years and reported weekly average training hours 135 of 0-5 (17%), 6-10 (30%), 11-15 (23%), 16-20 (20%) and 21+ (10%) h. Sixty four percent 136 (n=255) and 36% (n=144) of athletes reported playing at an elite (represent their country 137 Nationally or Internationally) and non-elite (train and compete for a club, regional or 138 development team) performance level, respectively. Seventy-nine percent of athletes 139 completed the questionnaire online (n=317) and the remainder completed a paper version 140 (n=82). 141 142
Nutritional supplement habits 143
In total, 58% of athletes (n=232) used NS in the previous six months. The use of multiple NS 144 was commonplace with 33%, 30%, 15%, 8%, 6% and 8% reporting the use of 1, 2, 3, 4, 5 or 145 6 different types of NS, respectively. Forty percent (n=259) of NS were used daily (at least 4-146 5 times per week), 36% (n=231) were used before/during/after training, 6% (n=38) were 147 competition-specific, with only 2% (n=13) used rarely. 148
The most popular health-related NS were multivitamins, other health-related NS (e.g. aloe 149 vera, coenzyme Q10, mushroom extract, evening primrose oil and chromium) and essential 150 fatty acids; and the most popular performance-enhancing NS were protein, sports drinks and 151 carbohydrate supplements ( Figure 1 ). The three most common outlets where athletes 152 obtained NS were the supermarket (23%, n=71), internet (22%, n=67) and health food/sports 153 shop (21%, n=65); others included pharmacy, sports nutritionist/dietitian and team sponsor. 154
The most prevalent reasons reported for use/ non-use of NS are reported in Table 3 . 155
When NS users were asked 'How do you decide how much of a supplement to take?', 102 156 Whether an athlete used NS did not differ by age (p>0.05). However, when the two oldest 167 categories were combined, those over 41 y were most likely to use multivitamins compared 168 to the younger age categories (p<0.05). Whether an athlete used NS or which type they 169 used did not differ between gender (p=0.661) or impairment (p=0.489). Of note however, 9% 170 of athletes (14 of 152) with a SCI reported using cranberry. 171
Elite athletes trained significantly more hours per week (p<0.05) and odds ratio analysis 172 revealed they were 1.6 times more likely to use NS than non-elite athletes. Elite athletes 173
were significantly more likely to use multivitamins, amino acids and sports drinks compared 174 to non-elite (p<0.05). There was a significant association (p<0.05) between sport category 175 and whether an athlete used NS. Individuals who took part in predominantly endurance 176 sports were most likely to use sports drinks, carbohydrate supplements, protein, 177 multivitamins and NS in general, compared to those in skill-based, intermittent or 178 speed/power sports (p<0.05). Figure 2 indicates the use of NS within the sport categories. 179 180
Sources of information 181
Athletes ranked sports nutritionist/dietitian (18%, n=155), coach (14%, n=122) and training 182 partner/athlete (13%, n=114) as their top three sources of information. When asked who 183 provided the most trusted source (top 3), athletes chose the sports nutritionist/dietitian (24%, 184 n=248), doctor/medical professional (21%, n=214) and coach (12%, n=128). Other sources 185 included friends/family, physiotherapist, supplement/health food store, evidence-186 based/scientific journals and books/magazines. Elite athletes had greater access to 187 nutritionists/dietitians (60%, n=153) compared to non-elite (22%, n=31). Fifty-two percent of 188 athletes (n=209) would like more information and education regarding NS. The type of 189 information sought by athletes is shown in Figure 3 . which when separated suggests that more elite athletes used NS than non-elite. The lower 210 reported use may also reflect a lack of knowledge regarding their effectiveness, side-effects 211 and the dosage recommendations for this specific population given that 52% indicated they 212 would like more information on these topics. Athletes used various methods to calculate how much of a NS to use but 41% indicated that 234 they follow the (AB) instructions on the label/manufacturers website. The NS dose for some 235 individuals with a SCI, amputation or CP may need to be adjusted from the AB 236 recommendations due to a reduced active muscle mass or the potential side-effects that 237 may occur. The use of AB guidelines may therefore have been a contributing factor to the 9% 238 that experienced side-effects having consumed a NS. It is encouraging that a number of 239 athletes did however indicate that they use a proportion of the recommended dose, or adapt 240 the dose based on personal experience. Given the nature of a questionnaire we cannot be 241 sure whether these adaptations are the athlete's decision or those of a nutritionist/dietitian. 242
Although there are no specific recommendations for NS dosage, some individuals may be 243 aware of emerging evidence regarding the segmental body composition (obtained via DEXA) 244 of athletes with a SCI (Goosey-Tolfrey & Sutton, 2012) and also the energy requirements of 245 some disability sports (Abel et al., 2008) . This type of evidence provides some basic 246 information on which to base NS dosage recommendations, however, further research is 247
required. 248
It may be concerning that the internet (22%) was a popular place to obtain NS. Previous 249 research suggests that there are issues with NS being improperly tested, containing 250 substances not declared on the label and/or not containing significant amounts of the active 251 ingredients listed on the label (Geyer et al., 2004; Maughan, 2005) . A lack of regulatory 252 controls on the internet may increase the likelihood of inadvertent doping when purchasing 253 products in this manner. Unfortunately in some countries, these problems also occur with 254 products bought over-the-counter or in stores. The nature of the questionnaire means we 255 cannot be sure if athletes checked whether the products they purchased were regularly 256 tested for prohibited substances (e.g. via Informed-Sport) but it does suggest that 'where to 257 obtain NS' should be a topic of education for athletes. 258 259
Reasons for nutritional supplement habits 260
Athletes reported similar reasons for NS use (support recovery, support the immune system, which suggests that NS information may be either unavailable, inaccessible or the athletes 268 are not interested. One athlete's reason for non-use was 'I take enough medication as it is'. 269
The use of medication by Paralympic athletes', highlighted by Tsitsimpikou and colleagues 270 (2009), may help to explain the lower reported use of NS by athletes with an impairment 271 because they do not want to take anything beyond what they need to maintain health.
273

Comparisons by age, gender, impairment, performance level and sport category 274
There was no influence of age on NS use until the upper two age categories were combined. 275
The increased use by older athletes (≥41 y) has not been seen in previous literature 276 because it is rare to find a group of AB athletes in this age category. Older athletes may feel 277 the need to consume multivitamins to maintain health and this may be heightened in athletes 278
with an impairment if their diet is restricted in some way. 279
A number of AB studies show that female athletes tend to use more NS than males (Froiland explained by the fact that females may be more aware of their nutritional needs and that 282 their actual need may be heightened due to their gender (Neiper, 2005) . In contrast there 283 was no influence of gender on NS use in the current study (59% male; 56% female). Zeigler 284 et al. (2003) reported that female AB elite figure skaters were more likely to use multivitamin-285 minerals than their male counterparts. In aesthetic sports such as figure skating low energy 286 intakes are common, especially in females, and multivitamins may be used to help maintain 287 the overall diet quality. This difference may not have been apparent in the current study 288 because both male and female athletes may reduce their energy intake due to their 289 impairment and therefore feel the need to consume a multivitamin to meet their micronutrient 290
needs. 291
There was no significant influence of impairment on NS use however, 9% of athletes with a 292 SCI reported the use of cranberry supplements which is likely due to the perceived 293 prevention of urinary tract infections (UTIs) which are common in this population (Dermen et 294 al., 2014) . The limited evidence available, however, shows that cranberry supplements are 295 ineffective at preventing and/or treating UTIs (Opperman, 2010) . 296
It is well-documented that AB athletes report the use of more NS than the general population 297 (Erdman et al., 2006 , Sobal & Marquart, 1994 . The current study supports 'level of 298 performance' as a key indicator of NS use because elite athletes were 1.6 times more likely 299 to use them. The significant positive association between training hours and performance 300 level may help to explain the greater use by elite athletes. The energy requirements of 301 greater training hours may influence an athlete's (perceived) need for NS. Elite athletes also 302 had greater access to nutritionists/dietitians and may thus have more knowledge regarding 303 NS for performance or enhanced training capacity, and therefore the confidence to use them. 304
The energy requirements of an endurance athlete may also influence their use of NS. 305
Heikkinen et al. (2011) found that endurance and speed/power athletes reported the use of 306 NS significantly more often than team sport athletes. This partly agrees with the finding that 307 athletes who took part in endurance sports in the current study were most likely to use sports 308 drinks, carbohydrate supplements, protein, multivitamins and NS in general. sources; however, athletes and even coaches may lack the desired level of NS knowledge. 317
The coach-athlete relationship however, puts the coach in a unique position to influence 318 his/her athlete's diet, which emphasises the need to educate coaches regarding issues 319 pertaining to the use of NS. It also highlights that there may be a need to educate athletes 320 themselves on who is a knowledgeable source. It is clear that impairment-specific 321 information and education regarding NS for this population is required, with 52% of all 322 athletes indicating they would like more. 323
When the question was rephrased to ask 'who the most trusted sources of information are' 324 the athletes' replaced training partner/athlete with doctor/medical professional (top 3). This 325 change may be due to regular consultations/visits regarding their impairment, medication or 326 secondary complications, and the on-going relationship that may develop as a result. 327
Despite being trustworthy, doctors/medical professionals do not necessarily possess the 328 area-specific expertise to advise athletes on their use of NS for sport and should therefore 329 be educated on how to deal with these questions should they arise. 330
Direct athlete education should be provided through sources of information that they trust 331 and already use e.g. sports nutritionist/dietitians and coaches. Education regarding 332 impairment-specific advice should therefore be directed at these professions. Information on 333 NS for athletes with an impairment should also be made available to a wider audience online 334 through organisations such as the World Anti-Doping Agency, National governing bodies 335 and sport science/nutrition/medicine providers. 336
Limitations 337
As with all questionnaire-based data, the results of the current study rely on the honesty, 338 recall, and self-report accuracies of athletes. An alternative to using an open-ended 339 approach would be to prompt subjects with a list of common NS to choose from (Erdman et 340 al., 2006), which may help reduce recall error. We appreciate the limitations of a 6-month 341 recall period and that a longer survey period (i.e. 12 months) or biannual reporting may 342 provide a more accurate representation of seasonal NS usage. However, the accuracy of 343 recall and/or participant adherence may be reduced. 344
Conclusions 345
This study provides previously unknown information regarding NS habits and sources of 346 information used by athletes with an impairment. Fifty-eight percent of those surveyed used 347 NS. Athletes with an impairment appear to require and more importantly want more 348 information and advice regarding NS. Education should be delivered to practitioners in order 349 to access the athletes themselves, and this should include impairment-specific information 350 (where available) regarding effective and safe NS and doses. Ultimately, further impairment-351 specific NS investigations are required in order to provide evidence-based recommendations. 352
Tables 466 Table 1 Nutritional supplement categories and frequency of use. 467
Category
Types of nutritional supplement included Frequency ((%) (n)) (7), Wheelchair Dance (1), Wheelchair Fencing (7) Values reported as frequency (n). 470 471 472 
Sports drinks
